Purpose: A lung treatment is susceptible to patients' contour changes. A real-time motion tracking system, AlignRT, is a convenient tool to verify patient setup during the treatment without increasing radiation dose to lung patients. A number of research efforts have been conducted to provide clinical feasibility of the AlignRT system for various treatment sites. [1][2][3] In this study, applicability of the AlignRT surface imaging system was extensively investigated for real-time motion tracking in radiation therapy of lung cancer. Methods: An in-house 4D computer-controlled motion phantom was employed to simulate a human breathing motion as shown in Fig. 1 . It consists of driving motors along 3D Cartesian axes, a phantom plate, and a computer controller for motion. The AlignRT system with three camera pods (patient left (CL), right (CR), and middle (CM) in the head-first supine position) was used to provide image-guided real-time patient setup verification. An anthropomorphic thoracic phantom (a coronal cross-sectional area: ~1,200 cm 2 ) was monitored during the 4D motion tracking. Mechanical accuracy of the system was tested using a known periodic motion (7 mm of the maximum amplitude in each 3D direction with a frequency of 0.25 Hz) with the whole area using different combinations of the three cameras (CL, CR, CM, CL-CR, CL-CM, CR-CM, and CL-CR-CM). A breathing cycle from a healthy subject (frequency: 0.2 Hz = 12 breathings/min; maximum amplitude: vertical 7 mm, longitudinal 6 mm, and lateral 1.2 mm) was monitored and fed into the phantom control system to simulate the breathing motion. The real time monitoring was investigated by modifying a region of interest (the whole (ROI1), a half (top (ROI2), bottom (ROI3), right (ROI4), and left (ROI5)) and a quarter of the surface area (top-right (ROI6), top-left (ROI7), bottom-right (ROI8), and bottom-left (ROI9)) as shown in Fig. 2 and different combinations of 3 cameras. Results: A mean difference (detected breathing motion -the subject input) and a standard deviation were calculated to show the detection accuracy. In the test of detection accuracy using the whole area (ROI1 in Figure 2 ), sub-millimeter accuracy was observed in the 3D directions using all different combinations of the cameras. Table I summarizes the whole tracking with different combinations of ROIs and cameras. The mean tracking errors (lateral, longitudinal, vertical) over 100 seconds using the CL or CR camera (one camera only) were (0.02 mm, -0.23 mm, -0.10 mm) with ipsilateral halves of the area (mean frame rate: 1.52 Hz), (0.06 mm, -0.30 mm, -0.03 mm) with ipsilateral quarters (mean frame rate: 1.95 Hz), and (0.19 mm, 0.29 mm, -0.46 mm) with contralateral quarters (mean frame rate: 3.04 Hz). The detection errors using 2-camera combinations (CL-CM or CR-CM) were (-0.06 mm, -0.43 mm, 0.00 mm) for the ipsilateral quarters and (-0.62 mm, -1.20 mm, 0.03 mm) for the contralateral quarters, respectively. The 3-camera tracking using top or bottom halves of the area presented an error of (-0.04 mm, -0. mm, -0.08 mm) with a mean frame rate of 0.62 Hz. The mean frame rate ranged from 0.36 Hz to 3.25 Hz.

